Mass spectrometric tools for systematic analysis of protein phosphorylation.
The study of protein phosphorylation has long been performed one protein and one modification site at a time, with a major emphasis placed on the functional relevance of one or a small number of given phosphorylation event(s). This has enabled exquisitely detailed views of many intracellular signaling pathways but has left a large portion of the phosphoproteome relatively uncharted. The past several years have seen an explosion in the development of generic and global approaches to study protein phosphorylation, thanks in large part to advances in robotics, mass spectrometry, and computational biology. As of July 2011, there were more than 60,000 nonredundant phosphorylation sites for human proteins annotated in a large repository. This explosion of data has, however, highlighted important issues regarding both the reliability of these types of identifications and the problem of assigning function to each of these phosphorylation events. Parallel advances in the identification of consensus sites for kinases, and systematic mapping of protein-protein interactions in signaling pathways, have provided complementary information that should help in obtaining a more holistic view of signaling. Here, we provide a perspective on system-wide approaches based on mass spectrometry to understand phosphoregulation.